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LIGHT GUIDE PLATE HAVING ROUNDED
POLYGON PATTERN AND LIQUID
CRYSTAL DISPLAY DEVICE HAVING
THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent
Application No. 10-2013-0062913, filed on May 31, 2013,
the contents of which are incorporated by reference for all
purposes as 1f set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a light guide plate and a
liquid crystal display device equipped with the light guide
plate. More particularly, the present invention relates to a
light guide plate capable of improving optical efliciency and
preventing defects such as a hot spot, and a liquid crystal
display device equipped with the liquid crystal display
device.

2. Background of the Related Art

With recent developments 1n various portable electronic
apparatuses, such as a mobile phone, a PDA, and a notebook
computer, demand has increased for small-sized, small-
thickness, lightweight flat panel display devices that are
applicable to such electronic apparatuses. Research has been
actively done on the flat panel display devices, such as a
liquid display panel (LCD), a plasma display panel (PDP),
a field emission display (FED), and a vacuum fluorescence
display (VEF). But, the LCD 1s currently 1n wide use due to
advantages such as availability of mass production technol-
ogy, ease ol operation of a driving unit and easier realization
of an high-quality image and a large-sized screen.

The liquid crystal display device 1s a transmission type
display device, and a desired image 1s displayed on the
liquad crystal display device by adjusting an amount of light
that penetrates a layer of liquid crystal using refractive index
amisotropy of a liquid crystal molecule. Therefore, a back-
light unit, a source of light that penetrates the layer of liquid
crystal 1s provided 1n the liquid crystal display device for
displaying an image. The backlight unit 1s broadly divided
into two types.

One type 1s an edge-light backlight unit 1n which a lamp
1s 1nstalled to a side face of a liquid crystal panel and
provides light to the layer of liquid crystal. The other type 1s
a direct-light backlight unit in which a lamp provides light
directly from under the liquid crystal panel.

The edge-light backlight unit 1s installed on a side face of
the liquid crystal panel and supplies light to the layer of
liquad crystal through a reflector and a light guide plate. The
use of the edge-light backlight unit makes 1t possible to
make the liquid crystal panel small 1n thickness. Thus, the
edge-light backlight unit 1s widely used for a notebook

computer and the like that needs a display device with a
small thickness.

The direct-light backlight unit supplies light, which 1s
emitted from the lamp, directly to the layer of liquid crystal.
For this reason, the direct-light backlight unit can be applied
to a large-sized liquid crystal panel and can realize high
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luminance. Thus, recently, the direct-light backlight units
have been i1n wide use for manufacturing liquid crystal
panels for LCD.

FIG. 1 1s a diagram schematically illustrating a construc-
tion of the liquid crystal display device equipped with the
edge-light backlight unat.

As 1llustrated 1 FIG. 1, a liquad crystal display device 1
1s mainly arranged to include a liquid crystal display panel
40 and a backlight unit 10 that 1s 1nstalled under the liquid
crystal panel 40 to supply light to the liquid crystal panel 40.
The liguid crystal panel, in which an 1mage 1s actually
realized, 1s configured to include a first substrate 50 and a
second substrate 45 that are transparent like glass, and a
layer of liquid crystal (not illustrated) formed between the
first substrate 50 and the second substrate 45. Specifically,
although not 1llustrated, the first substrate 50 may be a TFTG

substrate on which drive elements such as thin film transis-
tors and pixel electrodes are formed, and the second sub-
strate 45 may be a color filter substrate on which a color filter
layer 1s formed. In addition, a drive circuit unit 5 1s provided
to the side face of the first substrate 530 and applies signals
to the thin film transistors and the pixel electrodes, respec-
tively.

The backlight unit 10 1s configured to include lamps 11,
a light guide panel 13, a reflector 17, and an optical sheet.
The lamps actually emit light. The light guide panel 13
guides the light emitted from the lamps 11 toward the liquid
crystal panel 40. The reflector 17 reflects the emitted light
toward the light guide plate 13 to improve optical efliciency.
The optical sheet includes a diffusion sheet 15 and a prism
sheet 20 and 1s arranged over the light guide plate 13.

In the backlight unit 10 with the configuration described
above, light emitted from the lamps 11 installed 1n both side
faces of the light guide plate 13, respectively, 1s incident on
a side face of the light guide plate 13, and the incident light
1s transmitted from an upper surface of the light guide plate
13 to the optical sheet, 1s improved by the optical sheet 1n
terms of optical efliciency, and then 1s supplied to the liquid
crystal panel 40.

The light transmitted from the light guide plate 13 1s
incident on the diffusion sheet 15 and the prism sheet 20 that
are mncluded 1n the optical sheet. After the diffusion sheet 15
diffuses the light, the prism sheet 20 causes the diffused light
to propagate toward the liquid crystal panel 40.

Polarizers Sa and 5b are arranged on a lower surface and
an upper surface of the liquid crystal panel 40, respectively.
The light emitted from the backlight unit 10 1s polarized 1n
the first polarizer 5q that 1s attached to the first substrate 50
and a polarized state of the light 1s changed while the light
penetrates the layer of liquid crystal. Thereatter, the light 1s
transmitted to outside of the liquid crystal display device 1
through the second polarizer 556 attached to the second
substrate 45. At this point, an 1image 1s realized by adjusting
light transparency of the second polarizer 56 according to
the polarized state of the light 1n the layer of liquid crystal.

The lamp 11 1s formed 1n one side face or opposite side
faces of the light guide plate 13. Light emitted from the lamp
11 1s incident on an incident-light side face of the light guide
plate 13 that faces toward the lamp 11. When an angle of the
light incident on an upper surface or a lower surface of the
light guide plate 13 1s below a threshold angle, the light 1s
totally reflected and propagates one side face of the light
guide plate 13 to the opposite side face. When the angle of
the light mncident on the upper surface or the lower surface
of the light guide plate 13 1s the threshold angle or above, the
light 1s transmitted to outside of the light guide plate 13 and
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1s reflected by the reflector 17, or 1s transmitted from the
upper surface of the light guide plate 13 and 1s applied to the
liquad crystal panel 40.

Since the edge-light backlight unit in which the lamp 11
1s arranged to the side face of the light guide plate 13 1s
installed to a side face of the liquid crystal panel, it is
possible to make the backlight unit relatively small in
thickness. This leads to realizing a display device that 1s
small 1n thickness.

In the edge-light backlight umit, the light emitted from the
lamp 11 has to be uniformly scattered in order that the light
which produces uniform luminance may be supplied from
the light guide plate 13 to the liqud crystal panel 40. For
scattering the light, predetermined patterns are formed on
the upper surface or the lower surface of the light guide plate
13. The patterns are formed 1n an embossed or engraved
shape using a screen printing method, a molding method, a
V-cutting method or the like.

However, the method described above, 1n which the light
to be supplied to the liquid crystal panel 40 1s scattered using,
the patterns formed on the upper surface or the lower surface
of the light guide plate 13, has the following problem. That
1s, the light 1incident on the incident-light side face of the
light guide plate 13 1s reflected from the upper surface or the
lower surface of the light guide plate 13, 1s guided from the
incident-light side face to the opposite side face, i1s trans-
mitted from the upper surface of the light guide plate 13 and
1s supplied to the liqud crystal panel 40. However, because
the light incident on the patterns on the upper surface or the
lower surface of the light guide plate 13 1s scattered by the
patterns and are transmitted, the problem of decreasing
optical efliciency and thus luminance of the liquid crystal
display device occurs.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to a light
guide plate having a rounded polygon pattern and a liquid
crystal display device having the same that substantially
obviates one or more problems due to limitations and
disadvantages of the related art.

An advantage of the present invention 1s to provide a light
guide plate, on whose lower surface light converging pat-
terns 1n the shape of a wedge are formed to converge light
reflected from the lower surface 1n a specific direction and
thus to improve luminance, and a backlight unit equipped
with the light guide plate.

Another advantage of the present invention 1s to provide
a light guide plate, on whose lower surface light converging
patterns are formed to be rounded 1n such a manner that light
reflected from the upper surface is spread out between the
adjacent light converging patterns and thus the light pro-
ducing uniform luminance 1s supplied to a liquid crystal
panel, and a backlight unait.

A further advantage of the present invention 1s to provide
a liquid crystal display device equipped with the backlight
unit having the configuration described above. To achieve
these and other advantages and in accordance with the
purpose of this specification, as embodied and broadly
described herein, there 1s provided a light guide plate
including: a main body for guiding incident light and
transmits the incident light from an upper surface of the
main body; and a plurality of light converging patterns in a
rounded wedge shape having a rounded upper surface on a
lower surface of the main body to converge and reflect the
incident light 1n the predetermined direction.
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In the light guide plate, a side face of the wedge-shape
light converging pattern may be formed in a manner that
makes an acute angle with a base of the light converging
pattern or 1s formed 1n a manner that 1s normal to the base.

To achieve these and other advantages and 1n accordance
with the purpose of this specification, as embodied and
broadly described herein, there 1s provided a backlight unit
including: a light source; a light guide plate for guiding light
from the light source; and a plurality of light converging
patterns 1n a rounded wedge shape having a rounded upper
surface on a lower surface of light guide plate to converge
and reflect the incident light 1n a predetermined direction.

A diffusion sheet that diffuses the light that 1s transmaitted
from the light guide plate, a first prism sheet that 1s arranged
over the diffusion sheet and converges the light diffused
from the diffusion sheet 1n a first direction, and a second
prism sheet that 1s arranged over the first prism sheet and
converges the light diffused from the diffusion sheet in a
second direction may be arranged on the upper surface of the
light guide plate, and an inclination of an upper surface of
the light converging pattern with respect to a base of the light
converging pattern may be determined an angle may be
determined by a prism on the first prism sheet or the second
prism sheet.

To achieve these and other advantages and 1n accordance
with the purpose of this specification, as embodied and
broadly described herein, there 1s provided a liquid crystal
display device including: a liqmd crystal panel; a light
source; a light guide plate for gmding light t from the light
source; and a plurality of light converging patterns in a
rounded wedge shape having a rounded upper surface on a
lower surface of light guide plate to converge and reflect the
incident light 1n the predetermined direction.

Further scope of applicability of the present application
will become more apparent from the detailed description
grven hereinafter. However, 1t should be understood that the
detailed description and specific examples, while indicating
preferred embodiments of the disclosure, are given by way
of 1llustration only, since various changes and modifications
within the spirit and scope of the disclosure will become

apparent to those skilled 1n the art from the detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments and together with the
description serve to explain the principles of the disclosure.

In the drawings:

FIG. 1 1s a liquad crystal display device 1n the related art;

FIG. 2 1s a perspective exploded diagram of a liquid
crystal display device according to the present invention;

FIG. 3 1s a cross-sectional diagram of the liquid crystal
display device according to the present imnvention;

FIG. 4 1s a perspective diagram 1llustrating a construction
of a liquid crystal panel according to the present invention;

FIG. 5A 1s a perspective diagram illustrating a construc-
tion of a light guide plate according to the present invention;

FIG. 5B 1s a cross-sectional diagram illustrating the
construction of the light guide plate according to the present
invention;

FIGS. 6 A to 6C are diagrams illustrating a construction of
a light converging pattern according to the present mven-
tion;
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FIG. 7A 1s a diagram 1llustrating distribution of reflected
light 1n the case of a print pattern that 1s formed on a lower

surface of the light guide plate;

FIG. 7B 1s a graph illustrating luminance produced by
light that 1s transmitted from the light guide plate 11 the print
pattern 1s formed;

FIG. 7C 1s a diagram 1illustrating that 1t a lens-shaped
pattern 1s formed on the lower surface of the light guide
plate, a wet phenomenon occurs due to pressure;

FIG. 8A 1s a diagram 1illustrating the distribution of the
reflected light 1n the case of the light converging pattern that
1s formed on the lower space of the light guide plate
according to the present invention;

FIG. 8B 1s a graph 1llustrating the luminance produced by
the light that 1s transmitted from the light guide plate
including lower surface having light converging pattern;

FIGS. 9A to 9C are diagrams illustrating the construction
of the light converging pattern of which an upper surface 1s
flat;

FIGS. 10A to 10C are diagrams 1illustrating the construc-
tion of the light converging pattern of which the upper
surface 1s rounded;

FIG. 11A 1s a graph illustrating the lumiance produced
by the light that 1s transmitted from the light guide plate to
which the light converging pattern of which the upper
surface 1s flat 1s provided; and

FIG. 11B 1s a graph illustrating the luminance produced
by the light that 1s transmitted from the light guide plate to
which the light converting pattern of which the upper
surface 1s rounded 1s provided.

FIG. 12 1s a cross-sectional diagram illustrating other
construction of a light converging pattern according to the
present mvention.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

(Ll

Description will now be given 1n detail of the exemplary
embodiments, with reference to the accompanying draw-
ings. For the sake of briel description with reference to the
drawings, the same or equivalent components will be pro-
vided with the same reference numbers, and description
thereot will not be repeated.

A light guide plate according to the present invention 1s
described 1n detail below referring to the drawings.

FIG. 2 1s a perspective exploded diagram illustrating
construction of a liquid crystal display device according to
the present invention. FIG. 3 1s a cross-sectional diagram of
the liquid crystal display device.

As 1llustrated 1n FIGS. 2 and 3, a liquid crystal display
device 100 1s arranged to include a liquid crystal panel 140,
and a backlight unit 110. In this configuration, the backlight
unit 110 1s positioned under the liquid crystal panel 140 and
supplies light to the liquid crystal panel 140.

The backlight unit 110 1s configured to include a light
source 111, a light guide plate 113, a reflector 117, and an
optical sheet including a prism sheet 120. Light that is
emitted from the light source 111 1s supplied to the liquid
crystal panel 140. The light guide plate 113 1s arranged under
the liquid crystal panel 140 1n such a manner that one side
tace of the light guide plate 113 comes into contact with the
light source 111. The light guide plate 113 supplies the light
that 1s incident on the one side face of the light guide plate
113 from the light source 111, to the liquid crystal panel 140.
The reflector 117 1s arranged below 1s arranged under the
light guide plate 113. The retlector 117 retlects the incident
light from under the light guide plate 113, toward the liquid
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crystal panel 140. The prism sheet 120 with a plurality of a
plurality of prisms arranged in one direction, 1s arranged
between the light guide plate 113 and the liquid crystal panel
140. The prism sheet 120 totally reflects the mcident light
from the light guide plate 113 1n the forward direction and
supplies the light to the liqud crystal panel 140.

In addition, a first polarizer 105a and a second polarizer
1055 are attached to an upper surface and a lower surface of
the liquid crystal panel 140, respectively.

As 1illustrated in FIG. 4, the liquid crystal panel 140 is
configured from a first substrate 150, a second substrate 145,
and a layer of liguid crystal (not illustrated) between them.
A plurality of gate lines 156 and data lines 157 are arranged
in a matrix on the first substrate 150, thereby defining a
plurality of pixel areas P. A thin film transistor T and a pixel
clectrode 158 that 1s connected electrically to the thin film
transistor are formed 1n each pixel area P. A gate pad and a
data pad are formed on end portions of the gate line 156 and
the data line 157, respectively. The gate pad and the data pad
connect the gate line 156 and the data line 157, respectively,
to an external drive element. Thus, an external signal 1s input
through the gate line 156 and the data line 157.

Although not illustrated, the thin film transistor T 1s
configured to include a gate electrode, a gate insulation
layer, a semiconductor layer, a source electrode, and a drain
clectrode. The gate electrode 1s connected to the gate line
156. Through the gate line 156, a scan signal 1s input 1nto the
gate electrode from outside. The gate insulation layer 1is
formed over the gate electrode. The semiconductor layer 1s
formed on the gate isulation layer. When the scan signal 1s
mput 1 the gate electrode, the semiconductor layer is
activated and forms a channel. The source electrode and the
drain electrode are formed on the semiconductor layer. The
channel 1s formed on the semiconductor layer, and an 1image
signal that 1s input through the data line 157 1s applied to the
pixel electrode 158 through the source electrode and the
drain electrode.

A black matrix 146 and a color filter layer 147 are formed
on the second substrate 145. The black matrix 146 1s formed
on an 1image non-display area that an 1mage 1s not directly
involved 1n creating an 1image, such as the gate line 156, the
data line 157, or an area where the thin film transistor T 1s
formed. Thus, the black matrix 146 prevents light from
passing through the image non-display area and degrading
image quality. The color filter layer 147 1s configured to
include sub-layers of R (red), G (green), and B (blue) color
filters that are directly involved 1n creating the image. Each
pixel has a color filter of one of the three primary colors (red,
green, and blue).

The layer of liquid crystal (not illustrated) 1s formed
between the first substrate 150 and the second substrate 145
that are configured as describe above, thereby resulting in
forming the liquid crystal panel 140. A polarizer 105 (FIG.
3) 1s attached to the second substrate 145 of the liquid crystal
panel 140.

A fluorescent lamp, such as a cold cathode fluorescent
lamp, 1s used as the light source 111. A reflective layer 1s
formed on the inside surface of a housing 112 that accom-
modates the light source 111. Thus, the inside surface
reflects the light emitted from the light source 111 toward the
light guide plate 113. In addition, the light source 111, as
illustrated i FIG. 3, may be formed on only one side face
of the light guide plate 113 or may be formed on opposite
side faces of the light guide plate, in which case the light
emitted from the light source 111 is incident on both of the
side faces of the light guide plate 113.
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A light emitting device, as well as the fluorescent lamp, 1s
used as the light source 111. Because the LED 1s self light
emitting that emits light and emits monochromatic light of
R, G, and B, the LED, when applied to the backlight unat,
has an advantage that a color reproduction rate 1s high and
power consumption for driving 1s reduced.

If a LED 1s used as a light source 111 for the backlight
unit, light emitted from the LED is not supplied as mono-
chromatic light, but supplied as white light, to the liquid
crystal panel. A monochromatic light emitting element and
a fluorescent substance are used, an element emitting light 1n
the infrared range and the fluorescent substance are used, or
monochromatic light of R, GG, and B emitted from the light
emitting element 1s mixed in order to produce white light
from monochromatic light that 1s emitted the light emitting
clement. That 1s, 1if the LED 1s used as the light source 111
for the backlight unit, a plurality of LEDs are arranged on
the side face of the light guide plate 113 to input white light
or monochromatic light into the light guide plate 113.

The prism sheet 120, obtamned by regularly forming a
plurality of prisms, each being made of acrylic-based resin,
on a base film made mainly of polyethylene terephthalate
(PET), refracts the incident light and thus enables the light
to propagate in the forward direction. At this point as
illustrated in the drawings, since the prisms on the prism
sheet 120 are arranged in one direction, that 1s, in the
X-direction, the prisms totally retflect the light that propa-
gates from an incident-light side face of the light guide plate
113 to the opposite side face and then 1s transmitted at a
constant angle from an upper surface of the light guide plate
113, 1n such a manner that the light 1s vertically incident on
the liquid crystal panel 140.

In addition, since the prisms are formed on a lower
surface of the prism sheet 120 and thus are arranged 1n such
a manner that apexes of the prisms face toward the light
guide plate 113, the prisms totally reflects the light that 1s
incident at a constant angle on the upper surface of the light
guide plate 113, toward the upper surface of the liquid
crystal panel 140.

If the prisms are formed on an upper surface of the prism
sheet 120 1n such a manner that the apexes of the prisms face
toward the liquid crystal panel 140, the light emitted from
the light guide plate 113 are not totally reflected from the
prisms on the prism sheet 120, but i1s refracted into the
prisms and 1s supplied to the liquid crystal panel 140.
Because of this, only the light that 1s incident at a specific
angle on the prism 1s refracted, and the light that 1s incident
at a diflerent angle on the prism 1s not refracted. Thus, the
construction i which the prisms are formed on the upper
surface of the prism sheet 1s lower 1n optical efliciency than
the construction 1n which the prisms are formed on the lower
surface of the prism sheet.

In addition, the construction in which the prisms are
formed on the lower surface of the prism sheet does not need
a separate optical sheet. Thus, the manufacturing cost 1s
reduced.

The light incident on the side face of the light guide plate
113 propagates toward the opposite side face of the light
guide plate 113, 1s emitted through the upper surface of the
light guide plate 113, and 1s supplied to the liquid crystal
panel 140. At this time, as illustrated i FI1G. 3, a pattern 114
1s formed on a lower surface of the light guide plate 113, and
thus light incident on the pattern 114 1s retlected and
transmitted from an upper surface of the light guide plate
113.

FIG. 5A 15 a perspective diagram illustrating a construc-
tion of the light guide plate 113 according to the present
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invention. FIG. 5B i1s a cross-sectional diagram illustrating
the light guide plate 1n FIG. 5A.

As 1llustrated 1n FIGS. SA and 5B, the light guide plate
113 1s made of a material, such as polymethyl-methacrylate
(PMMA), glass, or polyethylene terephthalate (PET). The
light guide plate 113 1s formed 1n the shape of a rectangle.
A plurality of light converging patterns 114 are formed on a
rear surface of the light guide plate 113, that 1s, on the lower
surface of the light guide plate 113, which 1s opposite to the
upper surface that face toward the liquid crystal panel 140.
The light converging pattern 114 reflects the light that is
emitted from the light source 111 and then 1s incident on the
light converging pattern 114 through the incident-light side
face of the light gmde plate 113, and at the same time
converges the incident light 1n a given direction.

A shape and a size of the light converging pattern 114, a
distance between the adjacent light converging patterns 114,
the number of the light converging patterns 114, and the like
are determined according to an area of the light guide plate
113, an angle of the light that 1s reflected from the upper
surface of the light guide plate 113 and then is incident on
the light converging pattern 114, and the like. In the draw-
ings, the light converging patterns are regularly formed on
the lower surface of the light guide plate 1n such a manner
that they are spaced given distances relative to one another.
However, the light converging patterns may be 1rregularly
formed 1n such a manner that they are spaced difierent
distances relative to one another.

The light converging pattern 114 1s made of the same
material as the light guide plate 113, such as polymethyl-
methacrylate (PMMA), glass, or polyethylene terephthalate
(PET). The light converging patterns 114 may be formed
integrally with the light guide plate 113, but may also be
formed separately from the light guide plate 113 and
attached to the lower surface of the light guide plate 113. If
the light converging patterns 114 are formed separately from
the light guide plate 113 and are attached to the lower
surface of the light guide plate 113, the light converging
patterns 114 may be made of the same material as the light
guide plate 113 and be made of the different material than
the light guide plate 113.

FIG. 6A 1s a perspective diagram 1illustrating a construc-
tion of the light converging pattern 114 that 1s formed on the
lower surface of the light guide plate 113. FIG. 6B 1s a
cross-sectional diagram 1illustrating the light converging
pattern 114 when viewed from the Y-direction. FIG. 6C 1s a
cross-sectional diagram illustrating the light converging
pattern 114 when viewed from the X-direction.

As 1llustrated 1n FIG. 6 A, the light converging pattern 114
1s configured to take on the shape of a wedge. That 1s, the
base of the light converging pattern 1s 1n the shape of a
polygon of which sides are a2 and a3 1n length, and the light
converging pattern 1s the shape of a wedge of which heights
are al and O.

In this manner, the light converging pattern 114 1s formed
in such a manner that the height from one end of the base 1s
al and the height from the other end of the base 1s 0. As
illustrated 1n FIG. 6B, an upper surface of the light con-
verging pattern 114 1s formed 1 such a manner that 1t 1s
inclined from al to the base of the light converging pattern
along the X-direction. Thus, when light that 1s incident on
the light converging pattern 114 through the incident-light
side face of the light guide plate 113 is reflected from the
upper surface of the light converging pattern 114, the light
1s reflected in such a manner that the light 1s converged 1n a
specific direction due to the inclination of the upper surface
with respect to the base. In addition, as illustrated 1n FIG.
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6C, the upper surtace of the light converging pattern 114 1s
rounded. That 1s, the upper surface i1s rounded like a line that
1s curved due to a constant curvature along the Y-direction.

As 1llustrated 1n the drawings, one side face of the light
converging pattern 114 1s formed to the height al 1n a
manner that makes an acute angle with the base, but the one
side face may be formed 1n such a manner that 1t 1s vertical
to the base.

According to the present invention, as described above,
the light converging pattern 114 i1s formed in order to
converge light, supplied from the light guide plate 113 to the
liquad crystal panel 140, 1n a specific direction and thus to
improve luminance of the liquid crystal display device. This
1s described 1n more detail below.

According to the present invention, 1if the prisms are
formed on the lower surface of the prism sheet 120 and thus

the apexes are formed 1n manner that faces toward the light
guide plate 113, light that 1s transmitted from the light guide
plate 113 and 1s 1ncident on the prism sheet 120 1s totally
reflected from the prisms on the prism sheet 120. At this
point, since the prisms are formed at a constant angle on the
prism sheet 120, the incident angle of light that 1s incident
on the prism sheet 120 has to be the same in order to totally
reflect all light that 1s transmitted from the light guide plate
113 and thus to maximize luminance produced by the light
that 1s supplied to the liqud crystal panel 140.

As 1llustrated 1 FIG. 7A, if a pattern 114a 1s formed like
a circle-shaped print pattern using a printing technique or a
laser, the patterns 114 do not provide directionality. Because
of this, light that 1s incident on the pattern 114a through the
incident-light side face of the light guide plate 113 1s not
reflected from the print pattern 114q in a desired direction.
As a result, the light that 1s transmitted from the light guide
plate 113 and 1s incident on the prism sheet 120 1s at a
constant angle.

FIG. 7B 1s a diagram 1illustrating the luminance produced
by light that 1s supplied to the liquid crystal panel 140 when
the print pattern 114a 1s formed on the lower surface of the
light guide plate 113. In FIG. 7B, a direction vertical to the
upper surface of the light guide plate 113 1s expressed as 0°.
As 1illustrated in FIG. 7B, the luminance produced by the
light that 1s transmitted from the light guide plate 113 on
which the print pattern 114a 1s the highest 1n the 0° direction,
that 1s, when the transmitted light 1s vertical to the upper
surface of the light gmide plate 113. As an angle with the
upper surface of the light guide plate 113 1s increased, the
luminance 1s decreased. That 1s, the light that 1s transmuatted
from the light guide plate 113 on which the print pattern
1144 1s formed 1s scattered without being converged 1n one
direction (for example, 1n an angle 0 direction, and 1is
reflected 1n many directions. This imposes limitation on
improving the luminance.

In addition, as illustrated 1n FIG. 7C, 1f the pattern 1145
in the shape of a lens 1s formed on the lower surface of the
light guide plate 113, when pressure 1s applied from outside,
a wet phenomenon occurs where the retlector 117 under the
light guide plate 113 1s attached to the lower surface of the
light guide plate 113. Such wet phenomenon removes air
space between the light guide plate 113 and the reflector 117.
Thus, when the light 1s reflected from a surface of the pattern
1145, the light 1s reflected by a difference in refractive index
between the pattern 1145 and the retlector 117, not by the
difference 1n refractive index between the pattern 1146 and
the air space. Because of this, the light 1s randomly reflected
from the surface of the pattern 1145 without being refracted
into the surface of the pattern 1145 1n a constant direction.

10

15

20

25

30

35

40

45

50

55

60

65

10

Accordingly, there 1s limitation on improving the luminance
of the liquid crystal panel 140.

However, as illustrated in FIG. 8A, according to the
present invention, the light converging pattern 114 in the
shape of the wedge of which the upper surface 1s inclined at
a constant direction 1s formed on the lower surface of the

light guide plate 113. Thus, the light that 1s incident on the
light converging pattern 114 through the incident-light side
face of the light guide plate 113 1s reflected from the upper
surface of the light converging pattern 114 1n a constant
direction. At this time, a reflection angle of the light varies
according to the inclination of the upper surface of the light
converging patter 114 and the refractive index of the light
converging pattern 114.

FIG. 8B 1s a graph 1llustrating the luminance produced by
the light that 1s transmitted from the light guide plate 113, on
whose lower surface the light converging pattern 114 1s
formed. At thus time, angles of the light guide plate 113 are
indicated on an X-axis. An angle vertical to the upper
surface of the light guide plate 113 1s expressed as 0° and a
horizontal direction with respect to the upper surface i1s
expressed as —90° and 90°.

As 1llustrated 1n FIG. 8B, because the upper surfaces of a
plurality of light converging patterns 114 arranged on the
lower surface of the light guide plate 113 are all inclined at
the same angle i1n the same direction, the light that 1s
reflected from each of the light converging patterns 114 1s
transmitted 1n the same angle 0 direction. Thus, the lumi-
nance 1n the angle 0 direction 1s far higher than that 1n the
other directions.

The prism sheet 120 1s arranged on the upper surface of
the light guide plate 113. At this point, the prism to be on the
prism sheet 120 1s designed according to the refractive index
of the light converging pattern on the light guide plate 113
and the inclination of the upper surface. The light that is
reflected from the light converging pattern 114 and 1s
converged 1s refracted into the prism on the prism sheet 115
and 1s supplied to 1n front of the liquid crystal panel 140.

In addition, the reason for rounding the light converging
patterns 114 according to the present invention 1s described
in detail below.

FIGS. 9A to 9C are diagrams illustrating a light converg-
ing pattern 214 of which an upper surface 1s not rounded.
FIGS. 10A to 10C are diagrams 1llustrating the light con-
verging pattern 114 of which the upper surface 1s rounded,
according to the present mvention.

Referring to FIGS. 9A to 9C and FIGS. 10A to 10C, when
the light converging pattern 214 with a construction illus-
trated 1n FIGS. 9A to 9C 1s compared with that of the light
converging pattern 114 on the light guide plate 113 accord-
ing to the present ivention, basic specifications for con-
struction, such as distribution of patterns on the lower
surface of the light guide plate, an area of the lower surface
of the pattern, a height of the pattern, an inclination of the
upper surface of the pattern, and the like are all the same
except for only a shape of the upper surface of the pattern.

That 1s, whereas the light converging pattern 214 with the
construction illustrated in FIGS. 9A to 9C has the flat upper
surface, the light converging pattern 114 has the upper
surface that 1s rounded like a curved line. Accordingly, light
1s reflected in the same direction from the upper surface of
the light converging pattern 214 as from the upper surface of
the light converging pattern 114 according to the present
invention. The luminance produced by the light reflected
from the upper surface of the converging pattern 214, like
the luminance produced by the light reflected from the upper
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surface of the converging pattern 114, 1s the highest 1n a
specific direction (an angle 0) (refer to FIG. 8B).

However, an upper surface of the light converging patter
214 with the configuration illustrated i FIGS. 9A to 9C 1s
formed at a constant inclination. Thus, 1n the X-direction,
the light 1s converged 1n a specific angle direction and, as
illustrated 1n FIG. 9C, i1s reflected and at the same time 1s
transmitted only 1n a direction vertical to the upper surtace
(that 1s, only 1n the Z-direction) without spreading out in the
Y-direction. Therefore, if the light converging pattern 214 1s
applied to the light guide plate, as 1llustrated 1n FIG. 11 A, the
luminance 1s not uniform along the Y-direction of the light
guide plate, and the difference 1n the luminance 1s great
between a region y1 on which the light converging pattern
214 and a region y2 between the light converting patterns.
Thus, a hot spot phenomenon occurs where a white spot
appears on a screen, thereby degrading quality of the liquid
crystal display device.

In contrast, the upper surface of the light converging
pattern 114 on the light guide plate 1s also inclined at a
constant inclination, and in the X-direction, the light is
converged 1n a specific angle direction and 1s reflected, and
at the same time, 1s not only transmitted only 1n a direction
vertical to the upper surface, but also spreads out in the
shape of a fan from the upper surface that 1s curved due to
the curvature as illustrated 1n FIG. 10C. That 1s, the light 1s
transmitted in the Y-direction as well. Therefore, 11 the light
converging pattern 114 according to the present invention 1s
applied to the light gmide plate, light 1s not only transmatted
in the direction vertical to the upper surface of the light
guide plate 113, but also spreads out in the shape of a fan,
reaching a region between the light converging patterns 114.
Thus, pieces of light that are reflected from the adjacent light
converging patterns 114 are mixed 1n the region between the
light converging patterns 114, and are transmitted from the
light guide plate 113. That 1s, 1n the case of the light
converging pattern 114 according to the present invention, as
illustrated 1n FIG. 11B, the region y1 on which the light
converging pattern 114 1s formed and the region y2 between
the light converging patterns 214 are almost similar in
luminance produced by the light. Thus, the light that pro-
duces the uniform luminance 1s supplied to the liquid crystal
panel, thereby efllectively preventing the hot spot from
occurring the liqud crystal display device.

Therefore, the curvature of the upper surface of the light
converging pattern 114 varies according to a distance
between the light converging patterns 114. The curvature to
which the upper surface of the light converging pattern 114
1s curved 1s determined by a distance between the light
converging patterns 114 and the like, not by a specific
number.

On the other hand, the light converging pattern 114 has a
convex upper surface, but the light converging pattern 114
may have a concave upper surface as shown in FIG. 12.
Substantially, the shape of the upper surface of the light
converging pattern 114 1s not limited to a specific shape.
Whatever shape of the light converging pattern 114 from
which light 1s transmitted not only 1n the upward direction,
but spreads out also 1n the Y-direction may be possible.

As described above, according to the present invention,
the light converging pattern in the shape of a wedge 1s
formed on the lower surface of the light guide plate, but the
upper surtace of the light converging pattern i1s formed to be
rounded. Thus, light 1s converged 1n the X-direction and at
the same time, spreads out in the Y-direction, thereby
transmitting uniform light from the light guide plate.

10

15

20

25

30

35

40

45

50

55

60

65

12

On the other hand, the backlight umit including the light
guide plate and the liquid crystal display device are
described above in terms of a specific construction, the
present invention 1s not limited to the backlight unit and the
liquid crystal display device. According to the present inven-
tion, as long as the light converging pattern 1n the shape of
a wedge, of which the upper surface 1s rounded, 1s arranged
on the lower surtace of the light gmide plate, whatever shape
of the light converging plate, the backlight unit, the liquid
crystal display device may be applicable.

The foregoing embodiments and advantages are merely
exemplary and are not to be considered as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description 1is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, struc-
tures, methods, and other characteristics of the exemplary
embodiments described herein may be combined 1n various
ways to obtain additional and/or alternative exemplary
embodiments.

As the present features may be embodied in several forms
without departing from the characteristics thereof, 1t should
also be understood that the above-described embodiments
are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
considered broadly within 1ts scope as defined 1n the
appended claims, and therefore all changes and modifica-
tions that fall within the metes and bounds of the claims, or

equivalents of such metes and bounds are therefore intended
to be embraced by the appended claims.

What 1s claimed 1s:

1. A light guide plate comprising:

a main body guiding light incident through an incident-
light side face and transmitting the incident light from
an upper surface of the main body; and

a plurality of light converging patterns mm a rounded
wedge shape, each of the plurality of light converging
patterns including two planar side surfaces extended
downward from a lower surface of the main body and
a reflecting surtace directly extended from a flat base of
the light converging pattern between lower edges of the
two planar side surfaces and inclined 1n a light trans-
mitting direction, a height of one end point of the
reflecting surface being al and a height of an other end
point of the reflecting surface being zero such that the
planar side surface formed to the height al makes an
acute angle with the base of the light converging
pattern, to converge and reflect the incident light 1n a
predetermined direction,

wherein the reflecting surface between the lower edges of
the two planar side surfaces includes a rounded portion,

wherein the light 1s reflected at the rounded portion 1n a
shape of a fan form so that the light reflected at the
rounded portion of the light converging pattern 1is
mixed with light reflected from neighboring light con-
verging patterns to provide a uniform luminance 1n the
predetermined direction.

2. The light guide plate of claim 1, wherein the two planar
side surfaces of the plurality of light converging patterns
form an acute angle with the lower surface of the main body
or are vertical to the lower surface.

3. The light guide plate of claim 1, wherein the reflecting
surface of the plurality of light converging patterns has a
convex lens shape.
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4. The light guide plate of claim 1, wherein the reflecting
surface of the plurality of light converging patterns has a
concave lens shape.

5. The light guide plate of claim 1, wherein a curvature of
the rounded portion of the reflecting surface of the plurality
of light converging patterns 1s determined according to a
distance between the plurality of light converging patterns.

6. The light guide plate of claim 1, wherein the plurality
of light converging patterns are formed integrally with the
main body.

7. The light guide plate of claim 1, wherein the plurality
of light converging patterns are formed separately from the

main body and are attached to the lower surface of the main
body.

8. A backlight unit comprising;:

a light source;

a light guide plate guiding light through an incident-light
side face from the light source; and

the light guide plate comprising:

a main body guiding light incident through the 1ncident-
light side face and transmitting the incident light from
an upper surface of the main body; and

a plurality of light converging patterns in a rounded
wedge shape, each of the plurality of light converging
patterns including two planar side surfaces extended
downward from a lower surface of the main body and
a reflecting surtace directly extended from a tlat base of
the light converging pattern between lower edges of the
two planar side surfaces and inclined 1n a light trans-
mitting direction, a height of one end point of the
reflecting surface being al and a height of an other end
point of the reflecting surface being zero such that the
planar side surface formed to the height al makes an
acute angle with the base of the light converging
pattern, to converge and reflect incident light 1 a
predetermined direction,

wherein the reflecting surface between the lower edges of
the two planar side surfaces includes a rounded portion,

wherein the light 1s reflected at the rounded portion 1n a
shape of a fan form so that the light reflected at the
rounded portion of the light converging pattern 1is
mixed with light reflected from neighboring light con-
verging patterns to provide a uniform luminance 1n the
predetermined direction.
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9. The backlight unit of claim 8, further comprising:

a prism sheet disposed over the light guide plate to totally
reflect light from the light guide plate so as to supply
the reflected light to a liquid crystal panel.

10. The backlight unit of claim 9, wherein the prism sheet
includes a plurality of prisms on a lower surface thereof,
apexes ol the plurality of prisms facing toward the light
guide plate.

11. The backlight unit of claim 10, wherein an inclination
of the reflecting surface of the plurality of light converging
patterns with respect to the lower surface of the light guide
plate 1s determined according to an angle of the plurality of

prisms.

12. A liquid crystal display device comprising:

a liquid crystal panel;

a light source;

a light guide plate for guiding light through an 1ncident-
light side face from the light source; and

the light guide plate comprising:

a main body guiding light incident through the incident-
light side face and transmitting the incident light from
an upper surface of the main body; and

a plurality of light converging patterns mm a rounded
wedge shape, each of the plurality of light converging
patterns including two planar side surfaces extended
downward from a lower surface of the main body and
a reflecting surface directly extended from a flat base of
the light converging pattern between lower edges of the
two planar side surfaces and inclined 1n a light trans-
mitting direction, a height of one end point of the
reflecting surface being al and a height of an other end
point of the reflecting surface being such that the planar
side surface formed to the height al makes an acute
angle with the base of the light converging pattern, to
converge and reflect incident light 1n a predetermined
direction,

wherein the reflecting surface between the lower edges of
the two planar side surfaces includes a rounded portion,

wherein the light 1s reflected at the rounded portion in a
shape of a fan form so that the light reflected at the
rounded portion of the light converging pattern 1s
mixed with light reflected from neighboring light con-
verging patterns to provide a uniform luminance in the
predetermined direction.
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